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WHAT IS CLAIMED IS: 



1 . A floating gate transistor, comprising: 
a first source/drain region and a second source/drain region separated by a 

channel region in a subsrfate; 

a floating gate opp<^sing the channel region and separated therefrom by a 
gate oxide; 

a control gate opposing the floating gate; and 
wherein the control gate is separated from the floating gate by an 

asymmetrical low tunnel barrier \ntergate insulator formed by multiple atomic layer 

deposition (ALD). 

2. The floating gate transistor oKclaim 1, wherein the asymmetrical low tunnel 
barrier intergate insulator includes aluminum oxide (AI2O3), wherein the aluminum 
oxide has a number of small compositional ranges such that gradients which 
produce different barrier heights at an interface with the floating gate and control 
gate. 

3. The floating gate transistor of claim 1, wherein the asymmetrical low tunnel 

4. The floating gate transistor of claim 3, wherein the asymmetrical transition 
metal oxide is selected from the group consisting of Ta205, Ti02, Zr02, and NbjOs- 

5. The floating gate transistor of claim 1, wherein the asymmetrical low tunnel 

\ 

barrier intergate msulator includes an asymmetrical PerovsMte oxide tunnel bamer. 
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6. The floating gate transistor of claim 5, wherein the asymmetrical Perovskite 
oxide tunnel barrier is selected from the group consisting of SrBi2Ta203, SrTiOj, 
PbTi03, and PbZrOj. \ 

7. The floating gate transistor of claim 1, wherein the floating gate includes a 
polysilicon floating gate having a metal layer formed thereon in contact with the 
asynmietrical low tunnel barrier intergate insulator. 

8. The floating gate transistor of claim 7, wherein the control gate includes a 
polysilicon control gate having a metal layer formed thereon in contact with the low 
tunnel barrier intergate insulator, wnerein the metal layer includes a metal layer that 
has a different work function than the^metal layer formed on the floating gate. 

9. The floating gate transistor of claim 1, wherein the floating gate transistor 
includes an n-channel type floating gate transistor. 



10. A vertical, non volatile memory cell comprising: 

a first source/drain region formed on a^substrate; 

a body region including a channel region formed on the first source/drain 
region; \ 

a second source/drain region formed on theM)ody region; 

a floating gate opposing the channel region and separated therefrom by a 
gate oxide; \ 

a control gate opposing the floating gate; and \ 

wherein the control gate is separated from the floating gate by an 
asymmetrical low tunnel barrier intergate insulator, formediby atomic layer 
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deposition (ALD) havirk a number of small compositional ranges such that 
gradients can be formed Which produce different barrier heights at an interface with 
the floating gate and control gate. 

11. The vertical, non volatile memory cell of claim 10, wherein the 
asymmetrical low tunnel bamer intergate insulator includes an insulator selected 
from the group consisting of ^1203, Ta205, TiO^, ZrOj, NbjOj, SrBi2Ta203, SrTiOj, 
PbTi03, and PbZr03. 

12. The vertical, non volatile memory cell of claim 10, wherein the floating gate 
includes a polysilicon floating gate naving a metal layer formed thereon in contact 
with the asymmetrical low tunnel bamer intergate insulator. 

13. The vertical, non volatile memOTy cell of claim 12, wherein the control gate 
includes a polysilicon control gate having a metal layer formed thereon in contact 
with the low tunnel barrier intergate insulator, wherein the metal layer includes a 
metal layer that has a different work function than the metal layer formed on the 
floating gate. 



14. The vertical non volatile memory cell of claim 8, wherein the floating gate 
includes a vertical floating gate formed alongside of the body region. 



15. The vertical non volatile memory cell of claim 12, wherein the control gate 
includes a vertical control gate formed alongside of the vertical floating gate. 



16. The vertical non volatile memory cell of claim 8., wherein the floating gate 
includes a horizontally oriented floating gate formed alongside of the body region. 
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17. The verticalmon volatile memory cell of claim 14, wherein the control gate 
includes a horizontally oriented control gate formed above the horizontally oriented 
floating gate. 

18. A non-volatile memory cell, comprising: 
a first source/drain region and a second source/drain region separated by a 

channel region in a substrate; 

a polysilicon floating gate opposing the channel region and separated 
therefrom by a gate oxide; \ 

a first metal layer formed on the polysilicon floating gate; 

a metal oxide intergate insulator formed by atomic layer deposition on the 
metal layer, wherein the metal oxide intergate insulator includes an asymmetrical 
metal oxide having a number of small compositional ranges such that gradients can 
be formed in an applied electric field which produce different barrier heights at an 
interface with the floating gate and control gate; 

a second metal layer formed on the metal oxide intergate insulator, wherein 
the second metal layer has a different work function fi-om the first metal layer; and 

a polysilicon control gate formed on the second metal layer. 



19. The non-volatile memory cell of claim 18, wherein first metal layer includes 

\ 

a parent metal for the asymmetrical metal oxide and the second metal layer includes 

\ 

a metal layer having a work function in the range of 2.7 eV to 5.8 eV. 



20. The non- volatile memory cell of claim\ 1 8, wherein the second metal layer is 
platinum (Pt) and the metal oxide intergate insul 
consisting of Ti02, SrTiOj, PbTiOj, and PbZro\ 



platinum (Pt) and the metal oxide intergate insulator is selected fi'om the group 
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21. The non\^olatile memory cell of claim 18, wherein the second metal layer is 
aluminum and the metal oxide intergate insulator is selected from the group 

consisting of Ta205^iZr02, SrBi2Ta203, SrTiOa, PbTiOj, and PbZr03. 

\ 
\ 
\ 

22. The non-volatilte memory cell of claim 18, wherein the metal oxide intergate 
insulator is selected fronyhe group consisting of AI2O3, TajOj, Ti02, Zr02, Nb205, 
SrBi2Ta203, SrTi03, PbTiOg, and PbZr03. 

23. The non- volatile menrory cell of claim 16, wherein the floating gate 
transistor includes a vertical flolating gate transistor. 

24. A flash memory arr!^, comprising: 

a number of, non-von|tile memory cells, wherein each non-volatile memory 
cell includes: 

a first source/drai^egion and a second source/drain region separated 
by a channen 

a floating gate oppo^i^ th^channel region and separated therefrom 

by a gate o> 
a control gate opposin[gWi\ floatirk gate; and 
wherein the control gate is step^;med from the floating gate by an 

asynimetricdllow^Mel barrier intergate insulator, formed by 
atomic layerMiepositionMiaving a tunneling barrier of less 
than 2.0 eV, and having aViunber of small compositional 
ranges such that gradients cm be formed which produce 
different barrier heights at an\nterface with the floating gate 
and control gate; 

a number of sourcelines coupled to the first sou^e/drain regions along a first 
selected direction in the flash memory array; 
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a number of control gate lines coupled to the control gates along a second 
selected direction in the flash memory array; and 

a number of Ditlines coupled to the second source/drain regions along a third 
selected direction in the flash memory array. 
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25. The flash memoiw array of claim 22, wherein the asymmetrical low tuimel 
barrier intergate insulatorVncludes a metal oxide insulator selected from the group 
consisting of AI2O3, Ta205\Tip^Zr02, Nb205, SrBi2Ta203, SrTi03, PbTi03, and 
PbZrOj. 

26. The flash memory lanbybf claim/ 22, wherein the floating gate includes a 



polysilicon floating gate h iw\ kg 
asymmetrical low tunnel b 




layer formed thereon in contact with the 



Ltergate insulator. 



27. The flash memory array of cmm 26, wherein the control gate includes a 
polysilicon control gate having a metal layer formed thereon in contact with the 
asymmetrical low tunnel barrier intergale insulator, wherein the metal layer formed 
on the polysilicon control gate includes a\metal layer that has a different work 
function than the metal layer formed on thei floating gate. 



28. The flash memory array of claim 27, wherein metal layer formed on the 
floating gate includes a parent metal for the asymmetrical low tunnel barrier 
intergate insulator and the metal layer formed onMie control gate includes a metal 
layer having a work function in the range of 2.7 e\\to 5.8 eV. 
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29. The flash mS^ory array of claim 22, wherein the second selected direction 
and the third selecteavdirection are parallel to one another and orthogonal to the first 
selected direction, and\wherein the number of control gate lines serve as address 
lines. 

30. The flash memory Way of claim 22, wherein the first selected direction and 
the third selected direction aire parallel to one another and orthogonal to the second 
selected direction, and whereip the number of control gate lines serve as address 
lines. 



3 1 . The flash memory array oMlaim 2E, wherein the first selected direction and 
the second selected direction are /p2 ^lleliKTSItdi^nother and orthogonal to the third 
selected direction, and wherein iiebmnber of bitflnes serve as address lines. 

32. An array of flash memorvibe^s,^G<mlp^smg: 

a number of pillars extenaing outwsardly from a substrate, wherein each pillar 
includes a first source/drain region, a body region, and a second source/drain region; 

a number of floating gates opposing tne body regions in the number of 
pillars and separated therefi'om by a gate oxide\ 

a number of control gates opposing the floating gates; 

a number of buried sourcelines disposed below the number of pillars and 
coupled to the first source/drain regions along a firs\selected direction in the array 
of memory cells; 

a number of control gate lines formed mtegraliyWith the number of control 
gates along a second selected direction in the array of fla\h memory cells, wherein 
the number of control gates are separated from the floating^gates by a low tunnel 
barrier intergate insulator, formed by atomic layer deposition, having a tunneling 
barrier of less than 2.0 eV, and having a number of small cornpositional ranges such 
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that gradients can be fomied by an applied electric field which produce different 
barrier heights at an inteltface with the floating gate and control gate; and 

a number of bitlines coupled to the second source/drain regions along a third 
selected direction in the airay of flash cells. 

33 . The array of flash memory cells of claim 29, wherein the low tunnel barrier 
intergate insulator includes aVetal oxide insulator selected fi-om the group 
consisting of AI2O3, Ta205, Ti\>^Zr^2. NbjOs, SrBi2Ta203, SrTi03, PbTi03, and 
PbZr03. 

34. The array of flash mei fioi^cells of clkim 29, wherein each floating gate 
includes a polysilicon flo£ ting gate having a/metal layer formed thereon in contact 
with the asymmetrical low tmnnel barrier-lntergate insulator. 

35. The array of flash memory cells of claim 34, wherein each control gate 
includes a polysilicon control gate having a metal layer formed thereon in contact 
with the low tunnel barrier intergate insulator, wherein the metal layer formed on the 
polysilicon control gate includes a metaRlayer that has a different work function 
than the metal layer formed on the floating gate. 



36. The flash memory array of claim 35,Wherein metal layer formed on the 
floating gate includes a parent metal for the aSkVmmetrical low tunnel barrier 
intergate insulator and the metal layer formed ^ the control gate includes a metal 
layer having a work fimction in the range of 2.7 W to 5.8 eV. 
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37. The array of flasA memory cells of claim 29, wherein each floating gate is a 
vertical floating gate formbd in a trench below a top surface of each pillar such that 
each trench houses a pair oV floating gates opposing the body regions in adjacent 
pillars on opposing sides onthe trench. 

38. The array of flash memory cells of claim 33, wherein the pluraUty of control 
gate lines are formed in the trench below the top surface of the pillar and between 
the pair of floating gates, where\n^^acn\pair of floating gates shares a single control 




e includes a vertically oriented floating gate 
eters. 



gate line, and wherein each floai 
having a vertical length of less^h; 

39. The array of flash memoi^ cells o^laim 33, wherein the plurality of control 
gate Unes are formed in the trqnphJjel^ the top surface of the pillar and between 
the pair of floating gates such that each trench houses a pair of control gate lines 
each addressing the floating gates one on opposing sides of the trench respectively, 
and wherein the pair of control gate lineslare separated by an insulator layer. 



40. The array of flash memory cells of claim 33, wherein the pluraUty of control 
gate lines are disposed vertically above the floating gates, and wherein each pair of 
floating gates shares a single control gate lint} 



41 . The array of flash memory cells of claim\33, wherein the plurality of control 
gate lines are disposed vertically above the floating gates, and wherein each one of 
the pair of floating gates is addressed by an indepei^dent one of the plurality of 
control gate lines. 
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42. The array of flash Aiemory cells of claim 29, wherein each floating gate is a 
horizontally oriented floating gate formed in a trench below a top surface of each 
pillar such that each trench nouses a floating gate opposing the body regions in 
adjacent pillars on opposing Sides of the trench, and wherein each horizontally 
oriented floating gate has a vesical length of less than 100 nanometers opposing the 
body region of the pillars. 

43. The array of flash memor%^<i^n^of claim 38, wherein the plurality of control 
gate hnes are disposed vertically aDOve/the floating gates. 



44. A progranraiable logic arraj 



a plurality of input 



a plurality of output Imes; and 



one or more arrays 



^bmpnsi^g: 



inss for receivingAn input signal; 



ifst\ logic plane and a second logic plane 



connected between the input lines and the output lines, wherein the first logic plane 
and the second logic plane comprise a plurahty of logic cells arranged in rows and 
columns for providing a sum-of-products Ijerm on the output lines responsive to a 
received input signal, wherein each logic ce]l includes a vertical non-volatile 
memory cell including: 

a first source/drain region formed on a substrate; 

\\ 

a body region including a channel region formed on the first 

source/drain region; 
a second source/drain region formed on the body region; 
a floating gate opposing the channel region and separated therefrom 

by a gate oxide; 
a control gate opposing the floating ^ate; and 
wherein the control gate is separated from the floating gate by a low 

tunnel barrier intergate insulator, formed by atomic layer 
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depositioHL having a tunneling barrier of less than 2.0 eV, and 
having a number of small compositional ranges such that 
gradients cam be formed by an applied electric field which 
produce different barrier heights at an interface with the 
floating gate and control gate. 

45. An electronic system, comprising: 
a processor; and 

a memory device coupled to tHej^rojfessor, wherein the memory device 
and/or processor includes an array of flaslHneiT^o cells, comprising: 

a number of pillars ext^dii^g outwardly firom a substrate, wherein 

each pillar i Jclmdes afk^soxirce/drain region, a body region, 
and a second |ro«i€e/qrain region; 

a number of floating gates opAosing the body regions in the number 
of pillars and separated\therefi*om by a gate oxide; 

a number of control gates opposing the floating gates; 

a number of buried sourcelines disposed below the number of pillars 
and coupled to the first source/drain regions along a first 
selected direction in the array of memory cells; 

a number of control gate lines formed integrally with the number of 
control gates along a second \elected direction in the array of 
flash memory cells, wherein the number of control gates are 
separated firom the floating gatqs by a low tunnel barrier 
intergate insulator, formed by atomic layer deposition, having 
a tunneling barrier of less than 2.® eV, and having a number 
of small compositional ranges sucm that gradients can be 
formed by an applied electric field which produce different 
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barrier heights at an interface with the floating gate and 
control aate; and 

a number of bitlimes coupled to the second source/drain regions along 
a third selected direction in the array of flash cells. 

46. The electronic system of claim 40, wherein the asymmetrical low tunnel 
barrier intergate insulator includes a metal oxide insulator selected from the group 
consisting of AI2O3, Ta205, Ti02, Zrp2,J^205. SrBi2Ta203, SrTi03, PbTiOj, and 
PbZrOj. 




each floating gate includes a 
ed thereon in contact with the low 



47. The electronic system of 
polysilicon floating gate having 
tunnel barrier intergate insulator.] 



48. The electronic system of claim 40,Wherein each control gate includes a 
polysilicon control gate having a metal lay^r formed thereon in contact with the low 
tunnel barrier intergate insulator, wherein the metal layer formed on the polysilicon 
control gate includes a metal layer that has a|different work function than the metal 
layer formed on the floating gate. 



49. The flash memory array of claim 35, wJaerein metal layer formed on the 
floating gate includes a parent metal for the asyiptnetrical low tunnel barrier 
intergate insulator and the metal layer formed on^the control gate includes a metal 
layer having a work function in the range of 2.7 eV to 5.8 eV. 
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50. The electronic sysVem of claim 40, wherein each floating gate is a vertical 
floating gate formed in a trench below a top surface of each pillar such that each 
trench houses a pair of floamng gates opposing the body regions in adjacent pillars 
on opposing sides of the trench. 
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5 1 , The electronic systemlof claim 44, wherein the pluraUty of control gate lines 
are formed in the trench belovAthe top surface of the pillar and between the pair of 
floating gates, wherein each paif of floating gates shares a single control gate line, 
and wherein each floating gate ihpto^es a vertically oriented floating gate having a 
vertical length of less than lOOm^onJeters. 



52. The electronic system ( f <^im 



are formed in the trench be 
floating gates such that each trench 
addressing the floating gatei 




herein the plurality of control gate lines 
e of the pillar and between the pair of 
a pair of control gate lines each 



opposing sides of the trench respectively, and 
wherein the pair of control gMe lines are separated by an insulator layer. 



53. The electronic system of claim 44, wherein the plurality of control gate lines 
are disposed vertically above the floating, gates, and wherein each pair of floating 
gates shares a single control gate line. 



54. The electronic system of claim 44, wherein the plurality of control gate lines 
are disposed vertically above the floating gates, and wherein each one of the pair of 
floating gates is addressed by an independenttone of the plurality of control lines. 



55. The electronic system of claim 40, wherein each floating gate is a 
horizontally oriented floating gate formed in a ^ench below a top surface of each 
pillar such that each trench houses a floating gate opposing the body regions in 
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adjacent pillars on opposing sides of the trench, and wherein each horizontally 
oriented floating gate has a vesical length of less than 100 nanometers opposing the 
body region of the pillars. 

56. The electronic system ofi claim 49, wherein the pluraUty of control gate lines 
are disposed vertically above the floating gates. 



57. A method of forming a floating gate transistor, comprising: 

forming a first source/drain region and a second source/drain region 

separated by a channel region in a : 

forming a floating gate opj^ging tljb channel region and separated therefrom 

by a gate oxide; 

forming a control gate opt 



forming an asymmetrjfcali 
layer deposition to separate the dontroft 



l^ating gate; and 

pr intergate insulator by atomic 

ahe floating gate, wherein forming 

the low tunnel barrier intergajteAnsulator incMdes a forming low tunnel barrier 

I / \^ 

intergate insulator having a npjbep^f^all compositional ranges such that 
gradients can be formed by an apphed electric field which produce different barrier 
heights at an interface with the floating gate and control gate. 



58. The method of claim 56, wherein forming the asymmetrical low tunnel 
barrier intergate insulator includes formingW metal oxide insulator selected from the 
group consisting of AI2O3, TajOj, TiOj, Zr6^, NbjOj, SrBiJa^Oj, SrTiOj, PbTi03, 
and PbZrOj. 



59. The method of claim 56, wherein fomang the floating gate includes forming 
a polysilicon floating gate having a metal layeAformed thereon in contact with the 
asymmetrical low tunnel barrier intergate insulattor. 
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60. The method of Vlaim 58, wherein forming the control gate includes a 
forming a polysilicon control gate having a metal layer formed thereon in contact 
with the low tunnel barrier intergate insulator, wherein the metal layer formed on the 
polysilicon control gate includes a metal layer that has a different work function 
than the metal layer formedton the floating gate. 



6 1 . The method of claim 5|, wherein forming the metal layer on the floating 
gate includes a parent metal fonthe asymmetrical low tunnel barrier intergate 



insulator and the metal layer forme^^the control gate includes a metal layer 
having a work function in the range of j.7 eV to 5.8 eV. 



62. A method for forming an array of flasn memory cells, comprising: 

forming a number of pillars extending outwardly from a substrate, wherein 



)ur( 




each pillar includes a first source/j^rain^j^ion, a body region, and a second 
source/drain region; 

forming a number of flowing gates opposing the body regions in the number 
of pillars and separated therefrom by a gate oxide; 



forming a number of control gates opposing the floating gates; 

forming a number of buried sourcelines disposed below the number of pillars 

\ 

and coupled to the first source/drain regions ^long a first selected direction in the 

array of memory cells; 

forming a number of control gate lines ^rmed integrally with the number of 

control gates along a second selected direction ii^the array of flash memory cells, 

wherein the number of control gates lines are separated from the floating gates by an 

asymmetrical low tunnel barrier intergate insulator^ormed by atomic layer 

deposition, wherein forming the asymmetrical low tunnel barrier intergate insulator 

\ 

includes a forming low tunnel bamer intergate insulator having a number of small 
compositional ranges such that gradients can be formqd by an applied electric field 
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which produce differei|t barrier heights at an interface with the floating gate and 
control gate; and 

forming a numbdr of bitlines coupled to the second source/drain regions 
along a third selected direbtion in the array of flash cells. 

63 . The method of claii^ 6 1 , wherein forming the asymmetrical low tunnel 
barrier intergate insulator includes foiming a metal oxide insulator selected from the 
group consisting of AI2O3, T^O^VTioj, ZrO^, ^20s. SrBi2Ta203, SrTi03, PbTiOa, 
and PbZr03. 

64. The method of claim|'61,ref herein mrming each floating gate includes 
forming a polysiUcon floating gate haj^i^ a metal layer formed thereon in contact 
with the low tunnel barrier intCTg^ insulator. 



65. The method of claim 63, wherein forming each control gate includes forming 
a polysilicon control gate having a me^l layer formed thereon in contact with the 
low tunnel barrier intergate insulator, v^erein the metal layer formed on the 
polysilicon control gate includes a metallayer that has a different work function 
than the metal layer formed on the floating gate. 



66. The method of claim 64, wherein foraiing the metal layer on the floating 
gate includes a parent metal for the asymmerical low tunnel barrier intergate 
insulator and the metal layer formed on the control gate includes a metal layer 
having a work function in the range of 2.7 eVtto 5.8 eV.. 
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67. The method of claim 57, wherein fomiing each floating gate includes 
fomiing a vertical fluting gate in a trench below a top surface of each pillar such 
that each trench houses a pair of floating gates opposing the body regions in 
adjacent pillars on opposing sides of the trench. 



68. The method of claim 61, wherein forming the plurality of control gate lines 
includes forming each conrarol gate line in the trench below the top surface of the 
pillar and between the pair of flo^iig gates, wherein each pair of floating gates 
shares a single control gate li^ e, ancu wherein each floating gate includes a vertically 
oriented floating gate having c Wertical length of less than 100 nanometers. 



69. 



The method of cla^ 



Ifwherein forming the plurality of control gate lines 
includes forming a pair ofjcoAtroUgate lures in each trench below the top surface of 
the pillar and between the pair of f^^mg gates such that each control gate line 
addresses a floating gate on opposing sides of the trench respectively, and wherein 
the pair of control gate lines are separated by an insulator layer. 



70. The method of claim 61, wherein forming the plurality of control gate lines 
includes forming the control gate lines such that the control gate lines are disposed 
vertically above the floating gates such that each pair of floating gates shares a 
single control gate line. 




7 1 . The method of claim 6 1 , wherein formhig the plurality of control gate lines 
includes forming the control gate lines such thaWhe control gate lines are disposed 
vertically above the floating gates, and forming the plurality of control lines such 
that each one of the pair of floating gates is addressed by an independent one of the 
plurality of control lines. 
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72. The metBod of claim 57, wherein forming each floating gate includes 
forming a horizonmlly oriented floating gate in a trench below a top surface of each 
pillar such that eachVench houses a floating gate opposing the body regions in 
adjacent pillars on opposite sides of the trench, and wherein each horizontally 
oriented floating gate has a vertical length of less than 100 nanometers opposing the 
body region of the pillars^ 



73. The method of claim 66, wherein the forming the plurality of control gate 
lines includes forming the contrcn gate lines such that the control gate lines are 



disposed vertically above the 




74. A method for operati ig aSion-volame memory cell, comprising: 

writing to a floating gate/of th|^n-volatile memory cell using channel hot 
electron injection, wherein tl^ nSn-vol^tile memory cell includes: 

a first source/dii|[in regioiiv^and a second source/drain region separated 
by a channel regiomin a substrate; 



a floating gate opposing the channel region and separated therefrom 

by a gate oxide; \ 
a control gate opposing the floalmg gate; and 
wherein the control gate is separated from the floating gate by an 

asymmetrical low tunnel baiter intergate insulator, formed by 
atomic layer deposition, and having a number of small 
compositional ranges such thatVadients can be formed by an 
applied electric field which prodmce different barrier heights 
at an interface with the floating ga\e and control gate; 
erasing charge from the floating gate by tunneling electrons off of the 
floating gate and onto the control gate through the asymmeu^cal low tunnel barrier 
insulator. 
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75. The method of ^aim 73, wherein erasing charge from the floating gate by 
tunneling electrons off ofithe floating gate and onto the control gate further through 
the asymmetrical low tunnel barrier insulator includes: 

providing a negative voltage to the substrate; and 

providing a large positive voltage to the control gate. 



77. The method of claim 7/5, 
electrons from the control gato 
tunnel barrier insulator fiirthei 
applying a positive vol 




76. The method of claim 73^ wherein the method fiirther includes writing to the 
floating gate by tunneling electrbn/fro^ the control gate to the floating gate 
through the asymmetrical low tu&iel barrier insulator. 



g to the floating gate by tunneling 
gate through the asynraietrical low 



substrate; and 



applying a large negative voltage\to the control gate. 

78. The method of claim 73, wherein tikmeling electrons from the floating gate 
to the control gate through the asymmetricaMow tunnel barrier insulator includes 
tunneling electrons from the floating gate to me control gate through an 
asymmetrical low tunnel barrier insulator selected from the group consisting of 
AI2O3, TajOs, Ti02, Zr02, Nb205, SrBi2Ta203, StTiOj, PbTi03, and PbZrOj. 



79. The method of claim 72, wherein tunnelinaelectrons from the floating gate 
to the control gate through the asymmetrical low tunnel barrier insulator includes 
tunneling electrons through the asymmetrical low tuqpel barrier insulator having a 
barrier energy of approximately 2.0 eV. 
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80. The method of claim V2. wherein tiimieling electrons from the floating gate 
to the control gate through thei asymmetrical low tunnel barrier insulator includes 
tunneling electrons from a metal layer formed on the floating gate in contact with 
the low tunnel barrier intergate \nsulator to a metal layer formed on the control gate 
and also in contact with the low hinnel barrier intergate insulator. 



81. A method for operating anWray of flash memory cells, comprising: 

writing to one or more floarang gates for a number of non- volatile memory 
cells in the array of flash memory cells using channel hot electron injection, the 
array of flash memory cells includes!* 

a number of pillars extfeniUng outwardly from a substrate, wherein 

each pillar indues a fip^-se^rce/drain region, a body region, 
and a second sourfce/dfain regiom; 
a number of floating gatiiopposing the body regions in the number 



of pillars and ^ejbar^ted tl 
a number of control g; 



tes or 



.efefrom by a gate oxide; 
osing the floating gates; 



a nimiber of buried soxu"celines disposed below the number of pillars 
and coupled to the first source/drain regions along a first 
selected direction in the array of memory cells; 
a number of control gate lines formed integrally with the number of 



control gates along a second selected direction in the array of 
flash memory cells, whereSn the number of control gates lines 
are separated from the floating gates by an asymmetrical low 
timnel barrier intergate insulator, formed by atomic layer 
deposition, having a turmeling\barrier of less than 2.0 eV, and 
having a number of small compositional ranges such that 
gradients can be formed by an applied electric field which 
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produce diberent barrier heights at an interface with the 
floating gate and control gate; and 
a number of bitlines coupled to the second source/drain regions along 
a third selecteM direction in the array of flash cells; and 
erasing charge from the one on more floating gates by tunnehng electrons off 
of the one or more floating gates and onto the number of control gates through the 
asymmetrical low tunnel barrier insulator. 
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82. The method of claim 80, wherein ^rasing charge from the one or more 
floating gates by tunneling electrons off ofrthe floating gate and onto the number of 
control gate through the asymmetrical low tunHfel bmrier insulator fiirther includes: 

providing a negative voltage to a sub^^^teyof one or more non- volatile 
memory cells; and 

providing a large positive voltage 
non-volatile memory cells. 




controiigate for the one or more 



83. The method of claim 81, wherein thfe method fiirther includes erasing an 

\l I 

entire row of non- volatile memory cells bMproviding a negative voltage to all of the 

\ 

substrates along an entire row of non- volatile memory cells and providing a large 

\ 

positive voltage to all of the control gates along the entire row of non- volatile 
memory cells. 



84. The method of claim 8 1 , wherein the method fiirther includes erasing an 
entire block of non-volatile memory cells by providing anegative voUage to all of 
the substrates along multiple rows of non-volatile memoiy cells and providing a 
large positive voltage to all of the control gates along the n^ultiple rows of non- 
volatile memory cells. 
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